The Saccharomyces cerevisiae PIS1 gene is essential and required for the final step in the de novo synthesis of phosphatidylinositol. Transcription of the PIS1 gene is uncoupled from the factors that regulate other yeast phospholipid biosynthetic genes. Most of the phospholipid biosynthetic genes are regulated in response to inositol and choline via a regulatory circuit that includes the Ino2p:Ino4p activator complex and the Opi1p repressor. PIS1 is regulated in response to carbon source and anaerobic growth conditions. Both of these regulatory responses are modest, which is not entirely surprising since PIS1 is essential. However, even modest regulation of PIS1 expression has been shown to affect phosphatidylinositol metabolism and to affect cell cycle progression. This prompted the present study, which employed a genomic screen, database mining, and more traditional promoter analysis to identify genes that affect PIS1 expression. A screen of the viable yeast deletion set identified 120 genes that affect expression of a PIS1-lacZ reporter. The gene set included several peroxisomal genes, silencing genes, and transcription factors. Factors suggested by database mining, such as Pho2 and Yfl044c, were also found to affect PIS1-lacZ expression. A PIS1 promoter deletion study identified an upstream regulatory sequence element that was required for carbon source regulation located downstream of three previously defined upstream activation sequence elements. Collectively, these studies demonstrate how a collection of genomic and traditional strategies can be implemented to identify a set of genes that affect the regulation of an essential gene.
Yeast has been an excellent model for the study of phospholipid biosynthesis ( Fig. 1) (11, 12, 28, 33) . Phosphatidylinositol (PI) is an essential phospholipid in all eukaryotic cells (3, 11, 12, 28, 33, 38, 54) . In yeast, PI is synthesized de novo by the product of the PIS1 gene, PI synthase (18, 23, 24, 36, (53) (54) (55) (56) , and represents 12 to 27% of the total phospholipid composition (11, 12, 28, 33) . In addition to a structural role, PI is a precursor of phosphoinositides, sphingolipids, and inositol polyphosphates (11, 12, 28, 33) . PI and these metabolites are required for a diverse set of processes that include glycolipid anchoring of proteins (69), signal transduction (21, 58), mRNA export (57, 64-66), and vesicle trafficking (17) . In spite of the importance of PI and its metabolites, relatively little is known about factors that regulate PIS1 expression.
Our understanding of the role of PIS1 expression in regulating PI synthesis is conflicted. One study reported that overexpression of the human PIS1 gene in COS-7 cells yielded a significant increase in PI synthase activity (25-fold) but a modest increase in PI levels (8.2%) (50). However, another report indicated that overexpression of the rat PIS1 gene in NIH3T3 cells yielded elevated levels of PI, PI-4,5-P 2 , and PI-3,4,5-P 3 (19). PIS1 overexpression also decreased the doubling time of transformed cells and accelerated G 1 progression (19). Consistent with the effect on G 1 progression, cyclin D1 and cyclin E levels were elevated (19). Furthermore, Rous sarcoma virusinfected NIH3T3 cells and activated erbB2-transformed NIH3T3 cells also overexpress PIS1 and have elevated PI levels (37). Finally, specific inhibition of PI synthase activity using inostamycin reduces PI levels and inhibits induction of S phase (18, 36).
PI synthase is a membrane-associated enzyme that catalyzes the condensation of CDP-diacylglycerol and inositol to PI (23, 54) (Fig. 1) . Disruption of the PIS1 gene results in lethality (54). Because PIS1 is essential, it is not entirely surprising that yeast cells do not extensively regulate PIS1 expression or PI synthase levels (2, 24, 25) . PIS1 gene expression is not coregulated with the other phospholipid biosynthetic genes in response to inositol and choline (2, 11, 12, 28, 33) but is instead regulated by carbon source and oxygen. PIS1 expression is repressed in response to glycerol and aerobic conditions (2, 25) . Promoter deletion analysis identified three upstream activation sequence (UAS) elements (UAS1 to UAS3) required for PIS1 gene expression (25). However, the element required for glycerol repression was not identified. The region that includes the UAS3 element also contains an upstream regulatory sequence (URS) that binds Rox1p to exert anaerobic regulation (25). The significance of the anaerobic regulation is evidenced by altered membrane composition. PI levels are elevated in cells grown anaerobically, and phosphatidylcholine (PC) and CDP-diacylglycerol levels are also affected by oxygen (25).
PIS1 gene expression is insensitive to inositol and choline; however, inositol does affect PI synthase activity. High levels of inositol increase the rate of PI synthesis because the K m of PI synthase for inositol (0.21 mM) is ninefold greater than the intracellular concentration of inositol (24 M) (41). When cells are grown in inositol, PI levels double at the expense of PC synthesis as inositol is also a noncompetitive inhibitor of phosphatidylserine synthase (CHO1 gene product), the first enzyme in the PC branch of phospholipid biosynthesis (Fig. 1)  (41) .
